expense of analysis time.
To overcome these problems found with the ninhydrin method, we decided to adopt the column conditions of Callahan et al. (4) , but to use a different chromogen (6, 7) . The column eluate was oxidized with chloramine-T to give a pyrrole that condensed with Ehrlich's aldehyde (p-dimethylaminobenzaldehyde) to form a complex with a maximum absorbance at 560 nm ( Figure 1 ).
The technique described provides analysis of total hydroxyproline in urine hydrolysates in a complete cycle time of 50 mm.
An automated continuous-flow method is described for estimating total hydroxyproline in urine. The method utilizes column chromatography on sulfonated polystyrene resin, the eluate being reacted with chloramine-T and p-dimethylaminobenzaldehyde to produce a colored complex that is measured at 560 nm. The method is sensitive and specific, and requires 50 mm per analysis. N/rn2 (300-400 lb./in.2); the circulator bath maintained the column at 32 ± 0.5 #{176}C.
The following Technicon (Tarrytown, N. Y. 10591) apparatus was used: Mark I proportioning pump; a heating bath set to 80 #{176}C, with a 12-m glass delay coil; and a 0.6 x 75 cm amino acid column tube, cut to make two columns, each 0.6 x 30 cm, with new flanges cemented on, and Technicon column fittings.
We used the Technicon column, but any 0.6 x 30 cm high-pressure chromatographic column will suffice. The photometer (Vitatron, Diren, Holland) was Model DCP.M, fitted with an LFA 93 micro (10-mm) flow cell and recorder Model HR 401 having linear/log range and scale expansion. The recorder was set to logarithmic mode and the scale expansion adjusted to give a full-scale deflection of about 0.5 absorbance units.
Materials
"Zerolit 225" resin (formerly "Zeocarb 225"; Permutit Ltd., Isleworth, U. K.), 8% cross-linked sulfonated polystyrene, was regraded by the method of Hamilton (9) to a particle size of 10-13 m. (Lately, we have successfully used a pre-sized resin for the standard amino acid analyses, "Aminex A-5" (13 ± 2 tm), from BioRad Laboratories, Richmond, Calif. 98404. We expect to use this same resin in the hydroxyproline analyzer.)
Citric acid buffer:
Citric acid (52.5 g), sodium chloride (60.0 g), thiodiglycol (12.5 ml) and Brij 35 (30 g/dl; Technicon) (5.0 ml) were dissolved in about 4 liters of distilled water; NaOH (4 mol/liter) was added to bring the pH to 3.2, and distilled water added to make the final volume 5 liters. p-Dimethylaminobenzaldehyde (10 g) was dissolved in concentrated H.2S04 (60 ml), the solution was cooled in ice, and, while it was being stirred, absolute ethanol (200 ml) was added. This reagent was made up freshly each day.
Chloramine-T reagent:
Trisodium citrate (15.0 g) and chloramine-T (4.2 g) were dissolved in distilled water (420 ml). 2-Methoxyethanol (180 ml) was added and the whole mixed well.
4-Hydroxy-L-proline (Sigma Chemicals
Ltd., Surrey, U. K.): Standards covering the range 0.5 to 5 rng/100 ml (38 to 382 imol/liter) were prepared in the citric acid buffer at weekly intervals and stored at 0-4 #{176}C.
All chemicals were reagent grade.
Method
Urine samples were stored at 0 #{176}C under toluene for as long as a month; no detectable loss of hydroxyproline was found with urine stored under these conditions, which agrees with the findings of Prockop and Sjoerdsma (10) .
To 1 ml or urine, in a 5 ml glass ampoule, was added 1 ml of concentrated hydrochloric acid. The ampoule was sealed and maintained at 120 #{176}C for 3 h (8, 11) . These conditions were chosen for hydrolysis so that samples could be analyzed within 24 h. After cooling and centrifugation, the ampoule was broken and 0.5 ml of the supernatant hydrolysate was transferred to a small vial, the remainder being saved in case a repeat analysis was necessary. The vial was desiccated over sodium hydroxide under reduced pressure for 18 h and the residue (equivalent to 0.25 ml of the original urine) was dissolved in 0.5 ml of the citric acid buffer and applied to the column.
To condition the column, we pumped the citric acid buffer through it for at least 15 mm before the first sample was applied. The first of the hydroxyproline standards was then pumped onto the column for 30 s, and the aspirator probe was returned to the citrate buffer after sampling. Reagents were started through the manifold shortly after this, and the remaining standards were applied at 5-to 10-mm intervals, as there was no need, at this stage, to wash the column with alkali. Fifteen minutes after the last standard had been aspirated, a test urine was sampled, again returning the aspirating probe to the citric acid buffer. Thirty minutes later, the probe was removed from the buffer and placed in wash solution, which was pumped for 5 mm, followed by citrate buffer for 15 mm before the next sample was applied. This procedure gave a cycle time of 50 mm for each sample. As the analysis is specific for hydroxyproline, an accurate determination of elution time was not necessary, although this could be estimated from the distance the chart paper had moved from the point of sample application to the middle of the peak. The value of the test sample is read from a graph of standard peak heights plotted against concentration.
The result is then multiplied by two to allow for dilution at the hydrolysis stage. This is for a normal run, but should a further dilution of the hydrolysate be necessary this must be included in the calculation.
Results

Specificity:
The original method, in which ninhydrin is the chromogen and the eluting buffer is at pH 3.2, showed that aspartic acid was eluted after about 20 mm, followed by hydroxyproline, not well resolved. Threonine, serine, and glutamic acid followed, all adequately separated from hydroxyproline.
Dreux and Leymarie (8) have shown that other indoles form chromophores with the Ehrlich colorimetnc procedure. Therefore, to test the specifity of the method, we added some Ehrlich-reacting compounds normally found in urine to a normal urine, to a concentration about 10-fold that usually found: tryptophan, 400 mg/liter; 5-hydroxyindolylacetic acid, 100 mg/liter; and indoxyl sulfate, 500 mg/liter.
In addition, aspartic acid (300 mg/liter) was included to test the effect of its not being well resolved from hydroxyproline.
The urine sample was applied to the column, which was allowed to develop for 2 h with the citric acid buffer. There was no apparent reaction during this period, as shown by the steady base- 
Hydroxyproline
(2-50 izg) added to 1 ml of urine before hydrolysis gave a mean recovery of 95 ± 6%. Results were the same, whether determined by measurement of peak height or peak area.
Urinary total hydroxyproline excretion by 15 normal adults, on their usual diets, was 10-70 mg/24 h (76-534 zrnol/24 h) with a mean value of 35 mg/24 h (267 Mmol/24 h).
Discussion
We found it necessary to double the concentration of chloramine-T suggested by Dreux and Leymarie (8) , to give the necessary sensitivity; increasing the concentration further tended to depress the sensitivity, as shown by Prockop and Udenfriend (12) .
Preparation of the hydrolysate for application to the column tended to cause most problems. The method of neutralization used by Dreux and Leymarie (8) and Prockop and Udenfriend (12) was found to give results with poor reproducibility, but desiccation over sodium hydroxide (4) rectified this without the need of a tedious manual procedure. If insoluble material was adequately removed by centrifugation, 80 to 100 samples could be applied to the column before the upper 1 cm of resin had to be replaced. Only a slight increase in pumping pressure was noted during the running of such a series of samples.
Current methods for the assay of urinary hydroxyproline necessitate a considerable amount of analyst's time (13, 14) or the use of a specialized amino acid analyzer with range expansion and programming facilities (4). Less-specific methods have been described (8, 15) but the oxidation step in these pro- which returns rapidly to normal. It can also be seen from Figure 3 that there is no rise in the baseline during analysis, as occurs when ninhydrin is the chromogen (4). The method is both specific and sensitive, and is acceptably reproducible.
